The mobilizing effect of diet on plasma levels of vitamin 
Plasma levels of vitamin A and retinol binding protein (RPP) were found to be lower in extreme forms of protein energy malnutrition (PEM) [1, 2] . Rehabilitation with a protein-rich diet was demonstrated to result in increased circulating levels of vitamin A or RPP within a week's duration [3, 4] . Even in undernourished children, a high protein diet was able to bring about elevation in plasma vitamin A and RPP [5, 6] at least in those who had sufficient liver reserves. In all the previous studies, the effect of a good quality diet was measured after one week to 10 days, and most of the subjects were suffering from extreme forms of malnutrition. A study in which the effect of diet on plasma vitamin A was investigated in apparently normal children in 4-6 days is reported here.
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MATERIALS AND METHODS
Study design. After a basal, overnight fasting blood sample was obtained, a total of 20 male children of 4-7 years of age (except 2 subjects who were 3 years old), consisting of 8 vitamin A-deficient and 12 apparently normal children were admitted into the Nutrition Ward of Niloufer Hospital. All of them were fed a diet very similar to the one habitually consumed at home but at 2 different levels. Three deficient and 5 controls consumed the diets in unrestricted amounts, whereas with the others restricted amounts were given, supplying 75% of the recommended dietary allowance (RIBA) in terms of both protein and calories. The average unrestricted (and restricted, where applicable) amounts consumed (g/kg body wt.) were as follows: rice, 30 (15); green gram dhal, 2.2 (2.0); oil, 1.0 (1.0); sugar, 1.5 (1.5); skim milk powder, 0.5 (1.0); and bread, 8.0 (or sago 1.2). This supplied on the average 2.7 g (1.75 g) protein and 670 kJ (334 kJ) per kg body weight of the child. This diet did not contain any appreciable amounts of vitamin A or its precursors (less than 20 IU/day). The diets were given for a period of 4 to 6 days, after which a fasting blood sample was drawn.
Only children with milder forms of vitamin A deficiency (XN, XIA, or XIP) along with a plasma vitamin A (1c g/dl) between 10 and 20 were considered for this study. Apparently normal children with plasma vitamin A more than 20 ,u g/dl were used for the control group.
Children on sequential feeding of diet. After an initial blood sample was collected, 5 of the above children (3 apparently normal, one with XIA, and one with both XN and XIP) were sequentially fed a diet of the same composition as above to supply both protein and energy at 50%, 75%, and 100% of their RIBA (2 g protein/kg body weight and 418 kJ/kg body weight).
Each level of diet was given for a period of 4 days, following which a fasting blood sample was drawn. This experiment was conducted to see if there was any mobilization of vitamin A induced by the formulated diet, and, if so, at what level of intake it was brought about. Although the children were kept in the hospital ward, they were not confined to bed (except during sleep). Their normal activities were not curtailed.
Parameters studied. Plasma vitamin A was estimated by the microspectrofluorimetric method of Selvaraj, and Susheela [7] . Plasma albumin was assayed by the biuret method [8] in the children sequentially fed. Age and anthropometric indices like weight and height were noted in all the children.
RESULTS
We found that the vitamin A-deficient children, whether on ad lib. diet or on 75% RDA intake, showed similar elevations in their plasma vitamin A levels at the end of 5 to 6 days of the feeding period as compared with their basal values.
Strikingly, even the control subjects showed similar increases in plasma vitamin A at both levels of feeding. In three of them, the plasma levels continued to be higher at the end of 15 days on the diet. Hence the data were pooled for both intake levels and presented in Table 1 . The absolute magnitude or percentage increase of vitamin A did not show any significant correlation with initial plasma vitamin A in any of the groups. Further, in a set of 3 children, who were followed up on an out-patient basis, the plasma levels on recruitment were 6.5, 8.2, and 36.1 ,u g/dl and after 4 days, they were 9.5, 5.0, and 38.9 ,u g/dl, respectively, indicating that hospitalization or the diet given in the hospital was responsible for the increase. There were no significant differences in the anthropometric indices like wt./ ht2 % between the 2 groups of children. All the children studied here had weights and heights suggestive of mild forms of PEI. Table 2 depicts the changes in plasma vitamin A and albumin when the children were sequentially fed increasing amounts of diet. ®n diets supplying protein and energy at 50% of their RDA, only one of the 5 children showed an increase of 5 ,u g/dl vitamin A (i.e., ± 2 SD of reproducibility of the method). But at 75% of RDA, all the children showed an increase in plasma vitamin A, the increase being significant as compared with their basal values by the paired `t' test (p<0.05). ®n continued feeding at higher levels, plasma vitamin A tended to drop towards basal levels. However, there was a progressive increase in the plasma albumin levels in all the children during the treatment period. The initial values were not low to suggest any extreme forms of PEM.
DISCUSSION
Earlier studies have clearly demonstrated increases in plasma vitamin A or/ and IZPP in children with Kwashiorkor when the children were rehabilitated with a protein-rich diet for a period of one week [3, 4] . The present study, perhaps for the first time, shows increases in plasma vitamin A in both vitamin A-deficient and apparently normal children just within 4 days of being kept on a diet which supplied 75% of their RDA. This could possibly be attributed to the mild or moderate PEM in these children, which is supported by the poor anthropometry seen in them ( Table 1) .
The response of the children to graded amounts of diet indicated that at least the type of subjects who were° being dealt with here seem to habitually consume food at less than even 75% of their RDA (Table 2) . Thus, a greater intake of proteins and calories than habitually consumed seemed to mobilize vitamin A. The eventual drop in plasma vitamin A level after an initial mobilization may be because of a readjustment of equilibrium between liver and plasma vitamin A. Treatment of PEM children with a protein-rich diet raised serum levels of vitamin A far beyond normal values for a few weeks before the values settled back to normal [1, 9] . Thus, in such cases of PEM, the release of vitamin A seems to be conditioned by the availability of proteins and calories, rather than by the supply of the vitamin itself. Sustained release of vitamin A observed in some children even after 15 days supports such conclusion (Table 1) . This may probably explain why the relative dose-response test failed in PEM cases as an index of vitamin A status [10] .
Children with clinical symptoms of vitamin A deficiency are expected to have very poor stores of vitamin A. However, the magnitude of mobilization after a challenge with diet did not indicate significant differences between deficients and controls and exhibited also no relationship with the initial plasma vitamin A.
In an earlier Indonesian study, Roels et al. [5] also demonstrated increases in serum vitamin A, though statistically not significant, when a combined group of children with and without clinical symptoms of deficiency were put on a protein rich supplement of skim milk. A recent study of Mathias [6] showed significant increases in plasma vitamin A in a small number of undernourished children (n = 3) after they had been given a protein supplement. Sethi et al. [11] showed a close association between the severity of PEM and xerophthalmia and concluded that PEM is the primary cause of xerophthalmia and that children with clinical symptoms of vitamin A deficiency should be supplemented with proteins along with vitamin A. The results of this study also support such a conclusion.
